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PROCESSING APPARATUS AND METHOD
THEREOFK

BACKGROUND

Manufacturing of an integrated circuit (IC) has been
driven by increasing the density of the IC formed 1n a
semiconductor device. This 1s typically accomplished by
implementing more aggressive design rules to allow a larger
density of the IC device to be formed. Nonetheless, the
increased density of IC devices, such as transistors, has also
increased the complexity of processing semiconductor
devices with decreased feature sizes. IC devices are formed
by complex fabrication processes such as lithography. Dur-
ing lithography a semiconductor workpiece 1s subjected to
different processing steps.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present disclosure are best understood from
the following detailed description when read with the
accompanying figures. It 1s noted that, 1n accordance with
the standard practice in the industry, various features are not
drawn to scale. In fact, the dimensions of the wvarious
features may be arbitrarily increased or reduced for clarity of
discussion.

FIG. 1A 1s a perspective view ol a processing apparatus
in accordance with some embodiments of the present dis-
closure.

FIG. 1B 1s a plan view of the processing apparatus shown
in FIG. 1A.

FIG. 2 1s a flowchart of operations performed on a waler
in the processing apparatus 1n accordance with some
embodiments of the present disclosure.

FIG. 3 1s a top view of the robot arm mechanism,
according to some embodiments of the disclosure.

FIG. 4 1s a schematic top view of the processing rack of
the processing apparatus according to some embodiments of
the disclosure.

FIG. 5, FIG. 6, and FIG. 7 are schematic side views of the
dummy chamber of the processing apparatus according to
different embodiments of the disclosure.

FIG. 8 1s a flow chart of a processing method according
to some other embodiments of the present disclosure.

DETAILED DESCRIPTION

The {following disclosure provides many diflerent
embodiments, or examples, for implementing different fea-
tures of the provided subject matter. Specific examples of
components and arrangements are described below to sim-
plify the present disclosure. These are, of course, merely
examples and are not intended to be limiting. For example,
the formation of a first feature over or on a second feature
in the description that follows may include embodiments 1n
which the first and second features are formed i1n direct
contact, and may also mclude embodiments 1n which addi-
tional features may be formed between the first and second
features, such that the first and second features may not be
in direct contact. In addition, the present disclosure may
repeat reference numerals and/or letters in the various
examples. This repetition 1s for the purpose of simplicity and
clarity and does not in itself dictate a relationship between
the various embodiments and/or configurations discussed.

Further, spatially relative terms, such as “beneath,”
“below,” “lower,” “above,” “upper” and the like, may be
used herein for ease of description to describe one element
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or feature’s relationship to another element(s) or feature(s)
as 1llustrated 1n the figures. The spatially relative terms are
intended to encompass different orientations of the device 1in
use or operation 1n addition to the orientation depicted 1n the
figures. The apparatus may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein may likewise be interpreted accord-
ingly.

FIG. 1A 1s a perspective view of a processing apparatus
in accordance with some embodiments of the present dis-
closure. FIG. 1B 1s a plan view of the processing apparatus
shown 1n FIG. 1A. As shown 1n FIG. 1A and FIG. 1B, the
processing apparatus 100, which may be referred to a
photolithography tool as well, includes one or more load
ports 110, a transier module 120, a processing rack 130 and
an enclosure 140. The one or more load ports 110 can be
configured to accept one or more cassettes 115 that may
contain one or more walers W, which are to be processed 1n
the processing apparatus. In some embodiments, each of the
load ports 110 includes a front opening unified pod (FOUP)
stage to accept the cassette 115.

The transfer module 120 15 assigned with a plurality of
transier destinations to transier the waters W between the
load ports 110 and the processing rack 130. In some embodi-
ments, the transifer module 120 may be a robot assembly
having a range of motion suflicient to transfer the wafer W
from the load ports 110 to the processing rack 130. For
example, the transier module 120 may include a front end
robot 122 that 1s adapted to access the processing rack 130
and the load ports 110. Therefore, the front end robot 122 1s
capable of transferring the water W between the cassettes
115 placed on the load ports 110 and the processing rack
130. In some embodiments, the transier module 120 may
turther include a shuttle robot (not shown) that 1s adapted to
transier the waler W between the chambers 132 retained in
the processing rack 130. In some other embodiments, the
transierring the water W can be achieved by the front end
robot 122 as well, and 1n such cases, the shuttle robot may
be omitted.

In some embodiments, the transfer module 120 and the
processing rack 130 are enclosed by the enclosure 140. In
other words, the enclosure 140 has an interior space S, and
the transfer module 120 and the processing rack 130 are
located within the interior space S of the enclosure 140. The
load ports 110 are present between the interior space S and
an exterior external to the enclosure 140. In other words, the
interior space S and the exterior external to the enclosure
140 can be spatially i1solated by the load port 110 when a
door (not shown) of the load port 110 1s closed. By using
such a configuration, transportation of the water W between
the chambers 132 of the processing rack 130 can be confined
in the interior space S of the enclosure 140, and contami-
nation to the water W during the transportation can be
reduced because the transportation can be confined in the
interior space S of the enclosure 140.

The processing rack 130 includes multiple chambers 132.
Within the processing rack 130, waters W are generally
prepared and processed through the deposition and treatment
of multiple layers of conductive and semiconductive mate-
rials. Such chambers 132 process semiconductor walers W
through a series of sequential steps to create integrated
circuits. The chambers 132, including process chambers and
preparatory chambers can be arranged in the processing rack
130. In some embodiments, a central portion 134 of pro-
cessing rack 130 is surrounded by chambers 132. A robot
arm mechanism 160 1s implemented the enclosure 140 and
1s disposed within the central portion 134 of the processing
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rack 130. The robot arm mechanism 160 includes a plurality
of robot arms 162 associated with processing chambers 132,
respectively.

Operations performed on a watfer 1n the processing appa-
ratus will be described 1n greater detaill with additional
reference to FIG. 2. FIG. 2 1s a flowchart of operations
performed on a waler in the processing apparatus 1 accor-
dance with some embodiments of the present disclosure. As
previously described, the number of the process chambers of
the processing apparatus 1s plural, and hence, various pro-
cesses are performed on the watfer. In some embodiments, a
combination of the various processes 1s a photolithography
method and the various processes at least include a coating,
process, an exposing process, and a developing process.
Furthermore, 1n various embodiments, the various processes
turther include a pre-treatment process before the coating
process. In such embodiments in which the various pro-
cesses further include the pre-treatment process before the
coating process, the pre-treatment process 1mcludes a clean-
ing process and a preparing process. The cleaning process,
the preparing process, the coating process, the exposing
process, and the developing process are shown as operations
S10-S50 1n FIG. 2.

In the operation S10, a cleaning process 1s performed with
the wafer 1n a cleaning chamber, 1n which a wet chemical
treatment 1s used to remove organic Or 1norganic contami-
nants present on the wafer surface. For example, an RCA
clean procedure based on solutions containing hydrogen
peroxide 1s used, 1n which the RCA clean procedure 1s a set
of wafer cleaning steps performed before high-temperature
processing steps. In such embodiments where a wet chemi-
cal treatment 1s used, other solutions made with trichloro-
cthylene, acetone or methanol are used to perform cleaning.

In the operation S12, a preparing process 1s performed
with the wafer 1n a preparing chamber, 1n which the water
1s 1nitially heated to a temperature suflicient to remove
moisture that 1s present on the waler surface. In some
embodiments, a liquid or gaseous adhesion promoter is
applied to promote adhesion of a photoresist to the wafer,
such as Bis(trimethylsilyl)amine (also known as hexameth-
yldisilazane, or HMDS). The surface layer of silicon dioxide
on the water reacts with HMDS to form tri-methylated
s1licon-dioxide, which 1s a water repellent layer. This water
repellent layer prevents the aqueous developer from pen-
ctrating between the photoresist and the wafer surface, thus
preventing so-called lifting of small photoresist structures in
the (developing) pattern. In various embodiments, 1n order
to ensure the development of the pattern, the water with the
adhesion promoter 1s placed over a hot plate and 1s heated
for drying.

In the operation S14, a coating process 1s performed with
the wafer in a spin coating chamber, in which the coating
process includes forming a photoresist on the wafler in
accordance with some embodiments. In some embodiments,
the operation of forming the photoresist on the wafer further
includes applying the photoresist on the wafer. In such
embodiments including applying the photoresist on the
waler, the watfer 1s covered with the photoresist by a spin
coating process. Thus, a viscous liquid solution of the
photoresist 1s dispensed onto the water, and the water 1s spun
rapidly to produce a umiformly thick layer. The spin coating,
process results 1n a uniform thin layer thereon. This unifor-
mity 1s explained by detailed fluid-mechanical modeling,
which shows that the photoresist moves much faster at the
top of the layer than at the bottom, where viscous forces bind
the photoresist to the wafer surface. Explained in a different
way, the top layer of the photoresist 1s quickly ejected from
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the wafer edge while the bottom layer creeps slowly and
radially along the wafer. In addition, a final thickness of the
photoresist 1s also determined by the evaporation of liquid
solvents from the photoresist. In various embodiments, the
photoresist-coated watler 1s then pre-baked to remove excess
photoresist solvent on a hotplate.

In the operation S16, an exposing process 1s performed
with the waler in an exposing chamber, in which the
exposing process includes exposing the photoresist to a
pattern of light in accordance with some embodiments. In
such embodiments mvolving exposing the photoresist to a
pattern of light, the photoresist 1s exposed to a pattern of
intense light after prebaking. The exposure to light causes a
chemical change that allows some of the photoresist to be
removed by a solution, which 1s referred to as a developer.
With such operations, a positive photoresist becomes soluble
in the developer when exposed. On the other hand, a
negative photoresist with unexposed regions 1s soluble in the
developer. In some embodiments, a post-exposure bake 1s
performed before developing to reduce standing wave phe-
nomena caused by the destructive and constructive interier-
ence patterns of the incident light. In some embodiments, 1n
deep ultraviolet lithography, chemically amplified resist
chemistry 1s used.

In the operation S18, a developing process 1s performed
with the wafer 1n a developing chamber, in which the
developing process includes developing the exposed photo-
resist. In such embodiments involving developing the
exposed photoresist, the develop agent 1s delivered on a
spinner, much like a photoresist. In various embodiments,
the developer includes sodium hydroxide, and metal-10n-
free developers such as tetramethylammonium hydroxide
are used. Furthermore, 1n some embodiments, a post-bake
process 15 used after the developing process, in which the
post-bake process 1s used to harden the final resist pattern of
the photoresist. In the post-bake process, the resin polymer
in the photoresist 1s processed to cross-link under a high
temperature. The temperature at which flow begins 1s related
to the glass transition temperature and 1s a measure of the
thermal stability of the photoresist. In addition to cross-
linking, the post-bake process removes residual solvent,
water, and gasses, and improves adhesion of the photoresist
to the water.

As discussed above, various chemicals such as the adhe-
s10n promotor, the photoresist, the develop agent, or the like,
have been applied on the surface of the wafer. However,
some of the chemicals may drip and adhere at the sidewall
and the back surface of the water, and the chemicals may
adhere on the robot arm when the wafer 1s transferred by the
robot arm.

Reference 1s made to both FIG. 2 and FIG. 3, in which
FIG. 3 1s a top view of the robot arm mechamsm, according
to some embodiments of the disclosure. The robot arm
mechanism 160 includes a main body portion 164 including
a plurality of motors (not shown) for moving the robot arm
162 1n a multitude of directions. The plurality of motors 1n
the main body portion 164 are capable of moving the robot
arm 162 1n at least radial, angular and vertical directions.
The robot arm 162 includes an end eflector 210, which has
two forked distal ends 218 and 220. The end eflector 210
receives waler W between proximal end 216 and forked
distal ends 218 and 220. In some embodiments, a plurality
ol contact pads 214 are disposed on the end eflector 210
upon which water W 1s 1initially loaded. For example, a distal
contact pad 214 1s located at, or adjacent to, each of forked
distal ends 218 and 220, and at least one proximal contact
pad 214 1s located adjacent the proximal end 216. In some
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embodiments, additional clamp structure may be located on
the end eflector 210 to help align and secure the water W.

When the water W 1s loaded on the end effector 210, the
contact pads 214 would be the 1mitial places where the wafer
W contacts the end efiector 210. Therefore, the chemicals
that drip and adhere on the sidewall and the back surface of
the waler W may contact the contact pads 214 on the end
eflector 210 and become contaminants adhered on the
contact pads 214 on the end effector 210. Such contaminants
on the end effector 210 of the robot arm mechanism 160 may
lead to unwanted transmission defects, such as water tilting
or chamber polluting. Therefore, additional robot arm clean-
ing processes S20 are optionally inserted into the flow of
FIG. 2 to remove the contaminants on the end efiector 210.

In some embodiments, the robot arm cleaning processes
S20 are performed after the preparing process, the coating
process, and the developing process, to immediately remove
the contaminants on the robot arm, after the robot arm 162
transfers the waters W.

Reference 1s made to FIG. 4, which 1s a schematic top
view of the processing rack 130 of the processing apparatus
according to some embodiments of the disclosure. The
processing rack 130 includes plural chambers 132 and the
robot arm mechanism 160 to deliver the waler W between
the chambers 132. In some embodiments, the chambers 132
includes processing chambers 132a and at least one dummy
chamber 13254, 1n which the water W 1s delivered to and
stored 1n the processing chambers 132a and bypasses the
dummy chamber 13256. In some embodiments, only the end
cllector 210 of the robot arm 162 enters the dummy chamber

13256. That 1s, the end efl

ector 210 of the robot arm 162
enters the dummy chamber 1326 without water W thereon.
The processing chambers 132a are configured to performed
one or more fabricating processes, such as baking, coating,
exposing, developing, or the like to the water W. The
dummy chamber 1325 1s configured to clean the robot arm
162 and remove the contaminants on the end etfector 210.

In some embodiments, the robot arm mechanism 160, the
processing chambers 132q, and the dummy chamber 1325
are all disposed 1n the same 1nterior space of the enclosure
140. In some embodiments, the enclosure 140 1s adapted to
control the environment around the processing chambers
1324 and the dummy chamber 13254. In some embodiments,
an terior space ol disposing the transfer module 120 and
that of disposing the processing rack 130 are communicated,
and they can cooperatively serve as the interior space of the
enclosure 140.

Reference 1s made to FIG. 5, which 1s a schematic side
view of the dummy chamber of the processing apparatus
according to some embodiments of the disclosure. The
dummy chamber 1325 includes a housing 310 and a door
320 located at a side of the housing 310 for opening and
closing the housing 310. The end eflector 210 can enter the
dummy chamber 1325 via the door 320, and then the door
320 1s closed to substantially seal the housing 310.

The dummy chamber 1326 includes a shower head 330
disposed on the top portion of the dummy chamber 1325 to
dispense fluids to the end eflector 210 to remove the
contaminants on the contact pads 214 of the end eflector
210. In some embodiments, the fluds include lhiquids to
dissolve and carry out the contaminants from the contact
pads 214 and the end eflector 210. The dummy chamber
1325 further includes a purge system 340 to provide purge
gas into the dummy chamber 13256 to dry the end eflector
210.

In some embodiments, the dummy chamber 1325 further
includes a tank 332 connecting to the shower head 330 and
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a valve 334 disposed between the tank 332 and the shower
head 330. The tank 332 can be, for example, a square,
rectangular, oval or other shape that 1s adapted to store the
liquids. In some embodiments, the tank 332 1s located
proximate to a wall, such as the top wall, of the housing 310.
In some other embodiments, the tank 332 may be located
away Irom the door 320 so that the position of the tank 332
will not interfere the entrance of the end effector 210. The
tank 332 can be vertically or horizontally disposed on a
sidewall, top wall or bottom wall of the housing 310. In
some embodiments, the valve 334 may be a one-way valve
which can be opened or closed by the controlling of a
controller.

In some embodiments, the liquids stored in the tank 332
can include solvents that can dissolve the contaminants on
the end effector 210. Example chemicals supplied to and by
the shower head 330 include, for example, APM (ammonia

hydroxide-hydrogen peroxide-water mixture), de-ionized
water (DI-Water), SC1 (de-ionized water (DI), NH,OH,

H,O,), diluted NH,OH, SC2 (DI, HCIl, H,O,), ozonated
de-ionized water (DIWO,), SPM (H,SO,, H,O,), SOM
(H,S0,, O,), SPOM, H,PO,, dilute hydrofluoric acid
(DHF), HF, HF/EG, HF/HNO,, NH_,OH, HF, and/or other
suitable chemicals. In some embodiments, the dummy
chamber 1325 further includes a heating device 336 dis-
posed 1n contact with the tube 338 to heat the liquid in the
tube 338, such that the liquid being dispensed on the end
cllector 210 may have a temperature higher than the envi-
ronment, and the dissolving ability of the liquid can be
improved. In some embodiments, a rinse liquid including
DI-water 1s further sprayed on the end effector 210 to
complete the cleaning process.

The dummy chamber 1325 further includes a collector
350 to collect the liquid and the dissolved contaminants
carried by the liquid that are drained from the end effector
210. In some embodiments, the liquid and the dissolved
contaminants carried by the liquid are directly drained from
the collector 350. In some other embodiments, the collector
350 1s comnected to the tank 332. The liquid and the
dissolved contaminants carried by the liquid are filtered 1n
the collector 350, and the liquid 1s recycled and stored to the
tank 332.

In some embodiments, the purge system 340 includes a
gas supply 342, at least one gas sprayer 344, and a gas
exhauster 346. The gas sprayer 344 15 disposed proximate to
a wall, such as the top wall or the side wall, of the housing
310. A valve 348 can be coupled between the gas sprayer
344 and the gas supply 342 so as to control the gas volume
to the dummy chamber 1325. In some embodiments, the gas
sprayer 344 may be configured to provide a gas with a
temperature substantially higher than a temperature of envi-
ronment around the housing 310 of the dummy chamber
132b. In some embodiments, the gas may comprise at least
one of nitrogen, helium, neon, argon, krypton, xenon, radon
or other gas that 1s adequate to dry, remove or carry away
moisture from the end effector 210 and the dummy chamber
1325.

In some embodiments, the gas sprayer 344 may include at
least one tube, plate or other structure having at least one
opening 345 such that the gas, ¢.g., hot nitrogen or the like,
1s capable of being provided into the dummy chamber 1325
through the openings 345. In some embodiments, the open-
ings 345 may be round, triangular, square, rectangular, or
other shapes that are adequate to provide a desired amount
of gas mto the dummy chamber 1325. In some embodi-
ments, the gas sprayer 344 having the openings 345 may be
configured 1n the top, middle and/or bottom regions of the
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dummy chamber 1325 such that the hot nitrogen can desir-
ably remove moisture attached on the insider surfaces of the
housing 310 and on the end effector 210.

By arranging the dummy chamber 1325 1n the processing,
rack 130, with other processing chambers 1324, as shown in
FIG. 4 and FIG. §, the robot arm 162 having the end effector

210 can enter the dummy chamber 1325 and be cleaned up
at the intervals between transierring the water. Therelore,
the contaminants adhered on the end effector 210 can be
removed immediately during the process.

Retference 1s made to FIG. 6, which 1s a schematic side
view ol the dummy chamber of some other embodiments of
the disclosure. The dummy chamber 13256 includes the
collector 350, the purge system 340, and a brush 360
configured over the end efiector 210. The brush 360 includes

a portion that 1s operable to contact the topside of the end
effector 210. The brush 360 includes a base 362, bristles 364,

and a nozzle 366. The base 362 1s connected to a driving

element, such that the brush 360 can be moved toward or
away from the end eflector 210. The bristles 364 of the brush
may contact the topside of the end eflector 210. In some
embodiments, the bristles 364 include a flexible, comb-like
configuration of material. Other embodiments are possible,
including, for example, pads. Exemplary materials include
polyvinyl alcohol (PVA) or other polymer. The brush 360
may rotate relative to the end eflector 210 to remove the
contaminants on the end eflector 210. The nozzle 366 1is
configured to provide liquids to the topside of the end
cllector 210. Thus, the brush 360 provides chemical and
physical cleaning to the end effector 210. The liquids
provided to the end eflector 210 via the nozzle 366 of the
brush 360 may be the same as or different than that of the
shower head 330, as discussed above.

Reference 1s made to FIG. 7, which 1s a schematic side
view ol the dummy chamber of yet other embodiments of
the disclosure. The dummy chamber 1325 includes the purge
system 340, and a cleaning device 370 configured adjacent
the end eflector 210. In some embodiments, the cleaning
device 370 1s a non-contact type cleaning device. For
example, the cleaning device 370 can be an ultrasonic
cleaner or an air knife. The contaminants on the end effector
210 are removed by the cleaning device 370, in a physical
cleaning method, and the contaminants falling from the end
ellector 210 are carried and removed by the gas provided by
the purge system 340 and the collector 350.

In some embodiments, the cleaning device 370 uses purge
air knife technique for removing contaminants on the end
ellector 210. The high-pressure gas 1s generated and ejected
on the surface of the end effector 210, so that contaminants
attached to the surface of end eflector 210 1s removed.
Contaminant removal efliciency can be improved by suitable
adjusting the shape of the air knife.

In some other embodiments, the dummy chamber utilized
to clean the end eflector of the robot arm 1s not limited in the
lithography process, but can be utilized in any suitable
process. For example, as illustrated in FIG. 8, which 1s a
flow chart of a processing method according to some other
embodiments of the present disclosure, 1n step S30, a water
1s loaded into a spin coating chamber within the enclosure
from the load port via the transfer module. For example, the
front end robot of the transfer module can extract the water
in the cassette placed on the load port and can transport the
waler mto the enclosure.

In step S32, the wafer 1s spin-coated using devices 1n the
spin coating chamber. For example, the water can be held by
the spin chuck, the spin chuck spins, and the fluid dispense
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system can dispense fluid or solution onto the water held by
the spin chuck. In some embodiments, the fluid includes an
ultraviolet curable matenial.

In step S34, the spin-coated water can be transierred to a
baking chamber via the robot arm mechanism. For example,
the end eflector of the robot arm mechamism can extract the
spin-coated waler 1 the spin coating chamber and can
transport the spin-coated walfer to the baking chamber. In
some embodiments, during the transferring the spin-coated
waler, the enclosure 1s kept closed to prevent contamination
to the spin-coated water. The spin-coated water 1s soft-baked
using devices in the baking chamber. For example, the
spin-coated waler can be placed on the baking plate, and the
heat exchanging device may heat the baking plate to a
predetermined temperature to perform the soit bake process.

In step S36, after the spin-coated water 1s transferred 1nto
the baking chamber, the end eflector of the robot arm
mechanism enters the dummy chamber, to remove the
contaminants, €.g. the fluid or solution dispensed on the
waler and adhered on the end effector during the transferring
the water. As discussed above, the contaminants can be
removed by a chemical or a cleaner, such as a brush, an air
knife, an ultrasonic cleaner, or the like.

In step S38, the soft-baked water can be transferred to an
ultraviolet curing chamber via the end eflector of the robot
arm mechanism. The soft-baked water can be cured using
ultraviolet radiation generated in the ultraviolet curing
chamber. For example, the soft-baked water can be placed
on the pedestal in the ultraviolet curing chamber, and the
ultraviolet lamp bulb 1n the ultraviolet curing chamber may
be excited to generate ultraviolet radiation to wrradiate the
soft-baked water, so that the soft-baked water can be cured
by the ultraviolet radiation.

Because the end eflector of the robot arm mechanism 1s
cleaned 1n the dummy chamber before 1t extracts the sofit-
baked waler 1n the baking chamber and transports the
solt-baked water to the ultraviolet curing chamber, the
contaminants including the dispensing tluid would not re-
adhered to the soft-baked water. Because the end effector of
the robot arm mechanism 1s cleaned in the dummy chamber
before 1t transports the soft-baked water to the ultraviolet
curing chamber, the contaminants including the dispensing
fluid are removed before they are completely cured 1n the
ultraviolet curing chamber. Therefore, the problem of water
polluted by the end eflector of the robot arm mechanism can
be prevented. In addition, once the dispensed fluid thereon
has been soft-baked, the fluid would be semi-solidified. The
semi-solidified fluid would not drip from the sidewall of the
waler easily, and the end eflector of the robot arm can be free
from being polluted by the fluid when the water 1s extracted
by the end effector of the robot arm.

The present disclosure provides a processing apparatus
that includes a dummy chamber for cleaning the robot arm
in the processing rack. The dummy chamber and the pro-
cessing chambers are located 1n the same enclosure of the
processing rack, and the robot arm cleaning process can be
added 1nto the intervals between transferring the water. The
contaminants on the robot arm, such as in the contact pads
of the end eflector of the robot arm are removed, such that
the situation of the watfer being polluted by the contaminants
on the robot arm can be prevented.

According to some embodiments of the disclosure, a
method includes transferring a water into a first processing
chamber by using a robot arm mechanism, and applying a
photoresist on the waler 1n a first processing chamber. The
waler 1s transferred from the first processing chamber 1nto a
second processing chamber by using the robot arm mecha-
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nism, and the photoresist 1s exposed to a pattern of light in
the second processing chamber. The method includes trans-
ferring the waler from the second processing chamber into
a third processing chamber by using the robot arm mecha-
nism, and developing the exposed waler 1in the third pro-
cessing chamber. The method includes cleaning the robot
arm mechanism 1n a dummy chamber.

According to some embodiments of the disclosure, a
method 1ncludes spin-coating a fluid on a water 1n a first
processing chamber, transierring the water from the first
processing chamber mnto a second processing chamber by
using a robot arm mechanism, baking the wafer in the
second processing chamber, cleaning the robot arm mecha-
nism 1n a dummy chamber, after the transferring the water
from the first processing chamber 1nto the second processing
chamber, and transferring the water from the second pro-
cessing chamber nto a third processing chamber by using
the robot arm mechanism.

According to some embodiments of the disclosure, a
processing apparatus includes a processing rack. The pro-
cessing rack includes an enclosure, a plurality of processing
chambers disposed 1n the enclosure, a robot arm mechanism
disposed 1n the enclosure to transier a waler between the
processing chambers, a dummy chamber disposed in the
enclosure, in which the dummy chamber has a cleaning
device to clean an end effector of the robot arm mechanism.

The foregoing outlines features of several embodiments
so that those skilled 1n the art may better understand the
aspects of the present disclosure. Those skilled 1n the art
should appreciate that they may readily use the present
disclosure as a basis for designing or modifying other
processes and structures for carrying out the same purposes
and/or achieving the same advantages of the embodiments
introduced herein. Those skilled 1n the art should also realize
that such equivalent constructions do not depart from the
spirit and scope of the present disclosure, and that they may
make various changes, substitutions, and alterations herein
without departing from the spirit and scope of the present
disclosure.

What 1s claimed 1s:

1. A method, comprising:

transferring a wafer into a first processing chamber by

using an end eflfector of a robot arm mechanism such
that the wafer 1s 1n contact with a contact pad of the end

eflector;

applying a photoresist on the water 1n the first processing
chamber:

transferring the wafer from the first processing chamber
into a second processing chamber by using the robot
arm mechanism;

exposing the photoresist to a pattern of light 1n the second
processing chamber;

picking the watfer by using the robot arm mechanism;

moving the robot arm mechanism with the wafer from the
second processing chamber into a third processing
chamber:

disposing the water 1n the third processing chamber;

developing the photoresist on the wafer in the third
processing chamber;

moving the robot arm mechanism to a dummy chamber
alter disposing the wafer in the third processing cham-
ber;

cleaning the robot arm mechanism in the dummy cham-
ber, wherein cleaning the robot arm mechanism 1s
performed using a chemical liquid, and cleaning the
robot arm mechanism comprises drying the end eflector
using a gas tlow horizontally ejected, from a gas
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sprayer, to the end effector, wherein the gas sprayer has

a tube horizontally extending at a position higher than

the end eflector, and a plurality of gas ejection openings

on a side surface of the tube, a bottom of the gas sprayer
1s at a position higher than a top of the end effector of
the robot arm mechanism, and the gas tlow 1s ejected
from the gas ejection openings of the gas sprayer;
draiming the chemical liquid through a funnel collector 1n
the dummy chamber, wherein the funnel collector 1s
disposed directly under the contact pad of the end
effector of the robot arm mechanism; and
transierring the water from the third processing chamber
to a load port,

wherein cleaning the robot arm mechamism in the dummy

chamber 1s performed after transferring the wafer from
the second processing chamber 1nto the third process-
ing chamber and before transferring the water from the
third processing chamber to the load port.

2. The method of claim 1, wherein the watfer bypasses the
dummy chamber.

3. The method of claim 1, further comprising extracting,
the water from the first, second, or third processing chamber
by the end eflector of the robot arm mechanism, wherein
cleaning the robot arm mechamsm further comprises remov-
ing contaminants on the end eflector.

4. The method of claim 1, wherein developing the pho-
toresist on the wafer 1n the third processing chamber com-
prises applying a develop agent on the water, and cleaning
the robot arm mechanism 1s performed after developing the
photoresist on the wafer 1n the third processing chamber.

5. The method of claim 1, further comprising applying an
adhesion promoter on the wafer in a fourth processing
chamber before the waler i1s transferred into the first pro-
cessing chamber.

6. The method of claim 1, wherein the chemical liquid 1s
dispensed on the end eflector of the robot arm mechanism.

7. The method of claim 6, wherein drying the end effector
of the robot arm mechanism is performed after dispensing
the chemical liquid on the end effector of the robot arm
mechanism.

8. The method of claim 7, wherein drying the end eflector
of the robot arm mechanism comprises using nitrogen.

9. The method of claim 1, wherein the wafter 1s transierred
in the first, second, or third processing chamber directly by
the robot arm mechanism.

10. The method of claim 1, further comprising:

providing an enclosure having a single interior space;

providing a load port adjacent to the enclosure and
external to the single interior space of the enclosure,
wherein the load port has a door, and the load port
spatially 1solates the single interior space of the enclo-
sure from an area outside of the enclosure when the
door of the load port 1s closed, the load port accepting
one or more cassettes that may contain one or more
waflers, one of which 1s said water transferred into the
first processing chamber; and

disposing the robot arm mechanism, the first processing

chamber, the second processing chamber, the third
processing chamber, and the dummy chamber 1n the
single 1nterior space of the enclosure.

11. The method of claim 1, further comprising: recycling
the chemical liquid.

12. The method of claim 1, wherein transferring the water
into the first processing chamber i1s such that the wafer 1s
directly above a forked distal end of the end effector, and
draining the chemical liquid through the funnel collector of
the dummy chamber 1s further such that the funnel collector
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1s disposed directly under the forked distal end of the end
ellector of the robot arm mechanism.

13. The method of claim 1, wherein cleaning the robot
arm mechanism 1s further performed using a bristle, and
draining the chemical liquid through the funnel collector of
the dummy chamber 1s further such that the robot arm
mechanism 1s directly between the bristle and the funnel
collector.

14. A method, comprising:

spin-coating an ultraviolet curable material on a wafer 1n

a lirst processing chamber, wherein a portion of the
ultraviolet curable material adheres to a robot arm
mechanism;
transferring the water from the first processing chamber
into a second processing chamber by using the robot
arm mechanism such that the water 1s 1n contact with
a contact pad of an end effector of the robot arm
mechanism;
baking the water in the second processing chamber;
cleaning the robot arm mechanism 1n a dummy chamber
by using a cleaning device to remove said portion of the
ultraviolet curable material that adheres to the robot
arm mechanism from the robot arm mechanism,
wherein the cleaning device comprises a brush, and
cleaning the robot arm mechanism comprises rotating
the brush relative to the end eflector of the robot arm
mechanism such that the brush faces the contact pad to
remove said portion of the ultraviolet curable material
that adheres to the robot arm mechanism:
drying the end effector using a gas flow, from a gas
sprayer, to the end effector, wherein the gas sprayer has
a tube horizontally extending at a position higher than
the end eflector, and a plurality of gas ejection openings
on a side surface of the tube, a bottom of the gas sprayer
1s at a position higher than a top of the end eflector of
the robot arm mechanism, and the gas flow 1s ejected
from the gas ejection openings of the gas sprayer;

transterring the wafer from the second processing cham-
ber into a third processing chamber by using the robot
arm mechanism; and

curing the ultraviolet curable material on the water in the

third processing chamber using ultraviolet light,
wherein cleaning the robot arm mechanism in the dummy

chamber 1s performed after transferring the watfer from

the first processing chamber into the second processing
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chamber and before transierring the water from the
second processing chamber into the third processing

chamber.
15. A processing apparatus, comprising;:
a processing rack, comprising;

an enclosure;

a plurality of processing chambers disposed i1n the
enclosure; and

a robot arm mechanism disposed 1n the enclosure to
transier a waler between the processing chambers;

a dummy chamber disposed in the enclosure;

a cleaning device disposed in the dummy chamber,
wherein the cleaning device comprises a base, a nozzle
on the base, and a plurality of bristles on the base and
surrounding the nozzle, and the bristles are movable
toward or away from an end eflector of the robot arm
mechanism;

a gas sprayer in the dummy chamber, wherein the gas
sprayer has a tube horizontally extending at a position
higher than the end eflector, and a plurality of gas
¢jection openings on a side surface of the tube, a
bottom of the gas sprayer 1s at a position higher than a
top of the end eflector of the robot arm mechanism; and

a transfer module, wherein the robot arm mechanism 1s
disposed between the transfer module and the process-
ing chambers.

16. The processing apparatus of claam 135, wherein the
nozzle 1s configured to dispense fluids to the end eflector.

17. The processing apparatus of claam 135, wherein the
dummy chamber comprises a purge system.

18. The processing apparatus of claim 13, further com-
prising;:
at least one load port,

wherein the transier module 1s disposed between the load
port and the processing rack.

19. The processing apparatus of claim 15, further com-
prising a gas exhauster, wherein a top of the gas exhauster
1s at a position lower than a bottom of the end eflector of the
robot arm mechanism.

20. The processing apparatus of claim 15, wherein the gas
sprayer 1s configured to provide a heated nitrogen gas.

¥ ¥ H ¥ H



	Front Page
	Drawings
	Specification
	Claims

